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,QWURGXFWLRQ
7KHGLVVROXWLRQRIVROXEOHURFNVDQGGHSRVLWVDWWKHVXUIDFHRULQWKHVXEVXUIDFHFRPELQHGZLWKLQWHUQDOHURVLRQDQG
GHIRUPDWLRQDO SURFHVVHV FDQ SURGXFH FORVHG GHSUHVVLRQV FDOOHG VLQNKROHV ORFDOO\ NQRZQ DV REUXNV RU GROLQHV
*XWLpUUH] HW DO  ³2EUXN´ LV DQ LQWHUQDWLRQDOO\ UHFRJQL]HG 7XUNLVK JHRPRUSKLF WHUP 81(6&2 
GHVFULELQJ WKH FROODSVHGGROLQHVZKLFK DUH FRPPRQO\ REVHUYHG LQ WKH FXUUHQWO\ VHPLDULG DQG DOPRVW IODW ODQG RI
.RQ\D&ORVHG%DVLQ.&%LQFHQWUDO7XUNH\%D\DUÕHWDO6LQNKROHVDUHZLGHVSUHDGDWWKH2EUXN3ODWHDX
LQFHQWUDO7XUNH\ZKHUHWKHUHDUHFDUERQDWHEHGURFNRXWFURSV+RZHYHURWKHUVLQNKROHVLQWKHVDPHUHJLRQZKLFK
VHHPUHODWHGWRNDUVWGLVVROXWLRQKDYHEHHQLGHQWLILHGLQSODLQDUHDVZLWKVHGLPHQWDU\FRYHURYHUEXULHGFDUERQDWH
EHGURFN7KHUHDUHPDQ\VLQNKROHVQHDU.DUDSÕQDUVKRZLQJGLPHQVLRQVUDQJLQJIURPDIHZPHWHUVWRKXQGUHGVRI
PHWHUV LQZLGWK6HYHUDOJHRORJLFJHRPRUSKRORJLFK\GURJHRORJLFDO DQGDQWKURSRJHQLF IDFWRUVZHUH LGHQWLILHG LQ
WKH.DUDSÕQDUUHJLRQWKDWLQIOXHQFHVVLQNKROHGHYHORSPHQW0DQ\JHRORJLFJHRPRUSKRORJLFDQGK\GURORJLFVWXGLHV
%D\DUÕHWDO'R÷DQYHdLoHN'R÷DQDQG<ÕOPD]<LOPD]KDYHEHHQFRQGXFWHGRQWKH
IRUPDWLRQRIVLQNKROHVDWWKH2EUXN3ODWHDX$OORIWKHVHVWXGLHVZHUHSHUIRUPHGLQUHODWLRQWRVLQNKROHIRUPDWLRQLQ
WKLVDUHDEXWWKHUHLVQRVWXG\RQWKHVLQNKROHVXVFHSWLELOLW\PDSSLQJIRUWKLVUHJLRQ7KHPDLQREMHFWLYHRIWKLVVWXG\
LVWKHGHYHORSPHQWRIDVLQNKROHVXVFHSWLELOLW\PDSLQD*,6HQYLURQPHQWWKDWFDQKHOSWRGLIIHUHQWLDWHEHWZHHQKLJK
DQG ORZ VXVFHSWLELOLW\ DUHDV DV DQ DLG IRU UHJLRQDO ODQG XVH PDQDJHPHQW DQG WKH VHOHFWLRQ DQG DSSOLFDWLRQ RI
PLWLJDWLRQPHDVXUHVQHDU.DUDSÕQDU,Q WKLVVWXG\ WKHDXWKRUVKRZVWKHSURFHGXUHIRUHVWDEOLVKLQJRI WKHVLQNKROH
VXVFHSWLELOLW\PDSIRUWKHYLFLQLW\RI.DUDSÕQDUEDVHGRQWKH)UHTXHQF\UDWLRPHWKRG´
6WXG\DUHD
7KHVWXG\DUHDLVORFDWHGLQWKH&HQWUDO$QDWROLD5HJLRQRI7XUNH\LQWKHHDVWHUQSRUWLRQRIWKHSURYLQFHRI.RQ\D
)LJ7KH UHJLRQXQGHU LQYHVWLJDWLRQKDVD WRWDODUHDRIDERXWNPJULGDQGH[WHQGV IURP
ODWLWXGHWRP1RUWKDQGIURPORQJLWXGHWRP(DVW7KHORFDWLRQPDSRI WKH
VWXG\DUHDLVJLYHQLQ)LJ
0DWHULDOVDQGPHWKRG
7KLV PDQXVFULSW LQYHVWLJDWHV VLQNKROH VXVFHSWLELOLW\ DQG WKH HIIHFW RI VLQNKROH IRUPDWLRQUHODWHG IDFWRUV LQ WKH
YLFLQLW\ RI .DUDSÕQDU XVLQJ WKH )5 DQG WKH *,6 7KLUW\ WZR LPSRUWDQW FDXVDWLYH IDFWRUV IRU WKH IRUPDWLRQ RI
VLQNKROHVZHUH VHOHFWHG DQGFRUUHVSRQGLQJ WKHPDWLFGDWD OD\HUVZHUHSUHSDUHG LQ*,6 ,QSXWGDWDZHUH FROOHFWHG
IURP WKH WRSRJUDSKLF PDSV ERUHKROH ORJV DQG ILHOG VWXG\ LQYHVWLJDWLRQV RU REVHUYDWLRQV 1XPHULFDO YDOXHV IRU
GLIIHUHQWFDWHJRULHVRIWKHVHIDFWRUVZHUHGHWHUPLQHGEDVHGRQDVWDWLVWLFDODSSURDFKDQGWKHQLQWHJUDWHGLQWRWKH*,6
HQYLURQPHQWWRSURGXFHDVLQNKROHVXVFHSWLELOLW\PDSRIWKHDUHD7KHVLQNKROHVXVFHSWLELOLW\PDSFODVVLILHVWKHDUHD
LQWRIRXUFODVVHVRIVLQNKROHVXVFHSWLEOH]RQHVLHKLJKPRGHUDWHORZDQGYHU\ORZRUQRWVXVFHSWLEOH
3.1 Sinkholes 
7KH VRXUFHRI WKH VLQNKROHGDWD LQFOXGHG WRSRJUDSKLFPDSV ILHOG VXUYH\V DQG UHSRUWVRI VLQNKROHV0XFKRI WKH
VLQNKROH UHVHDUFK QHDU .DUDSÕQDU KDV EHHQ DSSOLHG LQ QDWXUH DQGPDQ\ VWXGLHV KDYH IRFXVHG RQ WKH JHRORJLFDO
JHRPRUSKRORJLFDODQGK\GURJHRORJLFDODVSHFWVRIVLQNKROHIRUPDWLRQVDQGKRZKXPDQDFWLYLW\LQIOXHQFHVVLQNKROH
IRUPDWLRQ%D\DUÕHWDO'R÷DQYHdLoHN7KHUHZDVQRGHWDLOHGVLQNKROHLQYHQWRU\PDSIRUWKHVWXG\
DUHD7KHUHIRUHDVLQNKROHORFDWLRQPDSZDVSUHSDUHGIRUWKLVVWXG\IRUWKH\HDURQDWRSRJUDSKLFDOPDSDWD
VFDOHRIDQG WKLVZDVFRQILUPHGE\ WKHILHOGVXUYH\7RWDO\VLQNKROHVZHUH IRXQG LQ WKHVWXG\DUHD
)LJ  )RUW\ILYH UDQGRPL]HG QXPEHUV ZHUH JHQHUDWHG EHWZHHQ  DQG  DQG WKH VLQNKROH QXPEHUV
FRUUHVSRQGLQJWRWKHVHJHQHUDWHGQXPEHUVZHUHXVHGDVWKHWHVWVLQNKROHV
3.2 Factors related to sinkholes 

'LIIHUHQW WKHPDWLFPDSVRI WKHVWXG\DUHDVXFKDVJHRORJ\ WRSRJUDSK\JHRPRUSKRORJ\K\GURJHRORJ\DQG ODQG
XVHODQGFRYHUKDYHEHHQSURGXFHGDQGXVHGLQWKLVVWXG\6LQNKROHUHODWHGIDFWRUVDUHHOHYDWLRQVORSH
VORSHVWHHSQHVVDVSHFWWRSRJUDSKLFZHWQHVVLQGH[GLVWDQFHWRGUDLQDJHOLQHGHQVLW\RIGUDLQDJHOLQH
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JHRORJ\OLWKRORJ\  IDXOWGHQVLW\ GLVWDQFH WR IDXOWV  WKLFNQHVVRI ,QVX\XIRUPDWLRQ  WRSDQG
ERWWRP OHYHOVRI ,QVX\X IRUPDWLRQ  W\SHRIFDSURFN  WKLFNQHVVRIFDSURFN *URXQGZDWHU/HYHO
*:/LQ2FWREHU*:/LQ$SULO*:/LQ2FWREHUGLIIHUHQFHVLQ*:/EHWZHHQ
2FWREHUGLIIHUHQFHVLQ*:/EHWZHHQ$SULODQG2FWREHUK\GUDXOLFJUDGLHQWRI*:
LQ$SULO   GLIIHUHQFHV LQ*:/EHWZHHQ$SULO  DQG2FWREHU  5DWLR 5 RI GLIIHUHQFHV LQ
*:/EHWZHHQ$SULODQG2FWREHUGLYLGHE\*:/LQ$SULOVRPHLRQVRI*:VXFKDV&D
 0J  1D.  &O  62  &2+&2  WRWDO KDUGQHVV RI *:  (OHFWULFDO
&RQGXFWLYLW\RI*:(&3+'LVVROYHG2[\JHQRI*:'2ZHOOGHQVLW\DQGODQGXVHODQG
FRYHU 7KH PDLQ IDFWRUV FRQVLGHUHG LQ WKH SUHVHQW VWXG\ DQG WKRVH ZKLFK DUH LQIOXHQWLDO LQ WKH RFFXUUHQFH RI D
VLQNKROHDUHGHVFULEHGEHORZ
7KH VWXG\ DUHD JHRORJLFDOO\ FRQVLVWV RI VHGLPHQWDU\ PHWDPRUSKLF DQG YROFDQLF URFN XQLWV 7KH VWUDWLJUDSKLF
VHTXHQFHRIWKHVWXG\DUHDUDQJHVLQDJHIURP7ULDVVLFWR+RORFHQH)LJ%DVHGRQVWXGLHVE\8OXDEWKH
JHRORJLFDO XQLWVZKLFKKDYHEHHQ VLPSOLILHG IRU WKLV VWXG\ DUHGLYLGHG LQWR IRXUWHHQ FODVVHV7KHGLVWULEXWLRQRI
WKHVHXQLWVIRUPDWLRQVZLWKLQWKHVWXG\DUHDLVSURYLGHGLQWKHJHRORJLFDOPDS)LJ

)LJ/RFDWLRQPDSRIWKHVWXG\DUHD )LJ*HRORJLFDOPDSRIWKHVWXG\DUHDPRGLILHGIURP8OXDDQGE

3.3 Frequency Ratio Method and its application 
7KH)5PHWKRGKDV DOVR EHHQ DSSOLHG WRPDQ\ VWXGLHV /HH DQG3UDGKDQ 0H]XJKL HW DO 2]GHPLU
9LMLWK DQG0DGKX <LOPD]  ,Q WKLV VWXG\ WKH)5PRGHOZDV XVHG IRU VLQNKROH DQDO\VLV XVLQJ
WKLUW\ILYHWKHPDWLFOD\HUV7KHFDOFXODWLRQVWHSVIRUDQ)5IRUDFODVVRIWKHVLQNKROHDIIHFWLQJIDFWRUVDUHEHORZ
 '&%$)5           
:KHUH $ LV WKH QXPEHU RI SL[HOV LQ WKH FODVV RI WKH GHSHQGHQW IDFWRU % LV WKH WRWDO QXPEHU RI SL[HOV RI WKH
GHSHQGHQWIDFWRU&LVWKHQXPEHURISL[HOVLQWKHFODVVRIWKHLQGHSHQGHQWIDFWRU'LVWKHWRWDOQXPEHURISL[HOVLQ
WKHVWXG\DUHD$%LVWKHSHUFHQWDJHIRUDUHDZLWKUHVSHFWWRDFODVVIRUWKHIDFWRU&'LVWKHSHUFHQWDJHIRUWKH
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HQWLUHGRPDLQDQG)5LVWKH)5RIDFODVVIRUWKHIDFWRU
7RREWDLQ6LQNKROH2FFXUUHQFH3RWHQWLDO,QGH[623,IUHTXHQF\UDWLQJVRIWKHIDFWRUVZHUHVXPPHGDV
 QL)5623,
Q
L
L   ¦
 
       
:KHUH623, LV WKH VLQNKROH RFFXUUHQFHSRWHQWLDO LQGH[)5 LV WKH IUHTXHQF\ UDWLRRI D IDFWRU DQGQ LV WKH WRWDO
QXPEHURILQSXWIDFWRUV,QGHWHUPLQLQJ)5WKHDUHDUDWLRIRUVLQNKROHRFFXUUHQFHZDVFDOFXODWHGIRUWKHUDQJHRI
HDFKIDFWRUDQGWKHDUHDUDWLRIRUWKHUDQJHRIHDFKIDFWRUWRWKHWRWDODUHDZDVFDOFXODWHG)LQDOO\)5VIRUWKHUDQJH
RI HDFK IDFWRU ZDV FDOFXODWHG E\ GLYLGLQJ WKH VLQNKROH RFFXUUHQFH UDWLR E\ WKH DUHD UDWLR 7KH )5 RI VLQNKROH
RFFXUUHQFHZDVFUHDWHGXVLQJWKHRYHUOD\IXQFWLRQVLQWKH*,6ZKLFKZHUHXVHGWRPHUJHGLIIHUHQWIDFWRUVWKDWZHUH
DVVLJQHGWRWKHUDWLR2KHWDO7KH623,ZDVXVHGWRPDSRIWKHVLQNKROHVXVFHSWLELOLW\)LJ



)LJ6LQNKROHVXVFHSWLELOLW\PDS


5HVXOWVDQG'LVFXVVLRQV

,QWKLVVWXG\VLQNKROHVXVFHSWLELOLW\PDSVZHUHSUHSDUHGXVLQJWKH)5PHWKRGDQGWKHDFFXUDF\RIWKHPRGHOZDV
HYDOXDWHG E\ FDOFXODWLQJ WKH UHODWLYH RSHUDWLQJ FKDUDFWHULVWLF 52& 2K DQG /HH  7KH YDOXH IRU WKH DUHD
XQGHUWKH52&FXUYHIRUWKH)5PHWKRGZDVIRXQGWREHZLWKDQHVWLPDWHGVWDQGDUGHUURURI7KHVH
UHVXOWV LQGLFDWH WKDW WKH)5PRGHO LVDJRRGHVWLPDWRURI VLQNKROH VXVFHSWLELOLW\ LQ WKH VWXG\DUHD7KH)5PRGHO
VKRZHG  DFFXUDF\ LQGLFDWLQJ WKDW LW FDQ EH XVHG IRU VLQNKROH RFFXUUHQFH SRWHQWLDO PDSSLQJ 7KH VFRUHV
REWDLQHGIURPWKH)5PRGHOUDQJHIURPWR7KHVHYDOXHVZHUHUHFODVVLILHGLQWRIRXUVHFWLRQVXVLQJWKHTXLQWLOH
FODVVLILFDWLRQVFKHPH LHQRRUYHU\ORZ ORZPRGHUDWHDQGKLJKVLQNKROHRFFXUUHQFHSRWHQWLDOFODVVHV7KH)5
PHWKRGZKLFKKHOSHGSURGXFHWKHVLQNKROHSRWHQWLDOPDSDQGWKHVXLWDELOLW\RIWKHPRGHOZHUHDOVRHYDOXDWHGE\
FRPSDULQJWKHPDSZLWKWKHNQRZQVLQNKROHORFDWLRQV7KHWHVWVLQNKROHVWUDLQLQJVLQNKROHVDQGWRWDO
VLQNKROHORFDWLRQVZHUHRYHUODLGRQWRWKH623,PDSSURGXFHGE\WKH)5DQDO\VHVDQGWKHSHUFHQWDJHVRIH[LVWLQJ
VLQNKROHVZLWKLQ WKHGLIIHUHQW VLQNKROHRFFXUUHQFHSRWHQWLDOFODVVHVZHUHGHWHUPLQHG%\RYHUOD\LQJ WKHSUHGLFWHG
623,PDSSURGXFHGE\WKH)5PHWKRGZLWKWKHWHVWWUDLQLQJDQGWRWDOVLQNKROHVWKHUHVXOWVLQGLFDWHGWKDW
DQG  RI WKH REVHUYHG VLQNKROHV ZHUH FRQFHQWUDWHG LQ WKH KLJK SRWHQWLDO FODVV UHVSHFWLYHO\ &RPSDULQJ WKH
REVHUYHG VLQNKROHPDSZLWK WKH VLQNKROH RFFXUUHQFH SRWHQWLDO  RI VLQNKROHV IDOO LQWR WKH KLJK DQGPHGLXP
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SRWHQWLDOFODVV7KHVLQNKROHSRWHQWLDOPDSREWDLQHGIURPWKH)5PHWKRGFRQWDLQVRIWKHWRWDODUHDZKLFKLV
GHVLJQDWHG WR EH RI YHU\ ORZ RU QR VLQNKROH SRWHQWLDO ]RQH /RZ PRGHUDWH DQG KLJK VLQNKROH SRWHQWLDO ]RQHV
FRQVWLWXWHDQGRIWKHWRWDODUHDUHVSHFWLYHO\7KHHYDOXDWLRQRIWKHSUHGLFWLRQDFFXUDF\RI
WKHREVHUYHGWUDLQLQJDQGWHVWVLQNKROHVVKRZVWKDWWKHVLQNKROHRFFXUUHQFHSRWHQWLDOPDSVSURGXFHGWKURXJKWKH)5
PHWKRGFDQEHFRQVLGHUHGKLJKO\ UHOLDEOHEHFDXVHPRVWRI WKHREVHUYHGVLQNKROHVDUHFRUUHFWO\SUHGLFWHGE\ WKHLU
PHGLXPDQGKLJKVLQNKROHRFFXUUHQFHSRWHQWLDOFODVVHV

&RQFOXVLRQV

7KH DQDO\VLV LGHQWLILHG PDQ\ PDMRU WUHQGV LQ VLQNKROH RFFXUUHQFH  6LQNKROHV ZHUH PRVW DEXQGDQW RQ HDVW
QRUWKHDVW DQG VRXWKHDVW IDFLQJ VORSHV  ,Q WKH FDVH RI VORSH DQJOH VWHHSHU VORSHV KDYH JUHDWHU VLQNKROH
SUREDELOLWLHV6LQNKROHVDUHVSDUVHQHDUVWUHDPVDQGPRVWDEXQGDQWWRPDZD\IURPVXUIDFHVWUHDPV
.DUDSÕQDUNDUVWJURZWKKDVDFORVHUHODWLRQVKLSZLWKWKHIDXOWVDQGOLWKRORJ\6LQNKROHRFFXUUHQFHLQFUHDVHV
ZLWKSUR[LPLW\WRIDXOWOLQHVDQGGHQVLW\RIIDXOWV6LQNKROHVDUHPRUHDEXQGDQWLQWKH,QVX\X+RWDPÕúDQG7X]
/DNH IRUPDWLRQV  7KH VLQNKROH RFFXUUHQFH SUREDELOLW\ LQFUHDVHV ZLWK WKH WKLFNQHVV RI FDUVWLILFDWLRQ EHGURFN
,QVX\X IRUPDWLRQ 0RVW VLQNKROHV RFFXU DW WKH FRYHU WKLFNQHVV EHWZHHQ  DQG  P DQG HVSHFLDOO\ DW WKH
WKLFNQHVV EHWZHHQ  DQG  P  5HJLRQDO GHFOLQHV RI JURXQGZDWHU OHYHOV LQFUHDVH VLQNKROH RFFXUUHQFH LQ
VLQNKROHSURQH UHJLRQV  6LQNKROHV DUH DEXQGDQW LQ WKH DUHDV ZKHUH K\GUDXOLF JUDGLHQW LV KLJK RU ORZ 
'HFUHDVHV LQJURXQGZDWHU OHYHODQG WKHIUHTXHQF\RIVLQNKROHIRUPDWLRQKDYHVLJQLILFDQWO\ LQFUHDVHGVLQFH
7KHLQFUHDVLQJLQFLGHQFHRILQGXFHGVLQNKROHVLVH[SHFWHGWRFRQWLQXHDVRXUGHPDQGIRUJURXQGZDWHUJURZV
7KHFKDQJLQJ W\SHRIDJULFXOWXUH LVRIWHQDVVRFLDWHGZLWK LQFUHDVLQJGHPDQGV IRUZDWHUVXSSOLHVZKLFKPD\
OHDG WR LQFUHDVHV LQJURXQGZDWHUSXPSDJH DQG WKH ORZHULQJRI ORFDO DQG UHJLRQDO JURXQGZDWHU OHYHOV 7KH
ORZHULQJRIORFDODQGUHJLRQDOJURXQGZDWHUOHYHOVLQFUHDVHVWKHIRUPDWLRQRIVLQNKROHVLQWKHFDUVWSURQHDUHD7KLV
PDSFRXOGKHOSFLWL]HQVSODQQHUVDQGHQJLQHHUVUHGXFHORVVHVFDXVHGE\H[LVWLQJDQGIXWXUHVLQNKROHVE\PHDQVRI
SUHYHQWLRQPLWLJDWLRQDQGDYRLGDQFH

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